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be subjected to endovascular treatment. The re-
sult of the ISAT study 4,5 greatly prompted this
tendency by revealing less invasiveness of coil
embolization compared with neck clipping at
least for ruptured aneurysms with mild to mod-
erate subarachnoid hemorrhage (SAH). How-
ever, selection of treatment modality for cere-
bral aneurysms still differs widely from country
to country and from institute to institute.

According to the latest nationwide question-
naire survey conducted by one of the major
Japanese newspaper companies, approximately
80% of aneurysms were clipped in the year
2006. Also it was revealed that selection of the
treatment modality was performed rather arbi-
trarily and the stronger treatments are recom-
mended in many hospitals 3.

We strongly feel a need to establish a way to
objectively select a more appropriate treat-
ment for each case in order to perform fair in-
formed consent and further improve treatment
results.

The purpose of this article is to introduce our
grading system that enables us to objectively
evaluate the degree of technical difficulty of
each treatment modality, to study annual
change in the proportion of treatments selected
for ruptured aneurysms and the treatment re-
sults for four years at our institute.

Summary

We introduced our grading system that en-
ables us to objectively evaluate the degree of
technical difficulty of aneurysm treatment moda-
lities, i.e. neck clipping and coil embolization.
The characteristics of our grading system were
that the difficulty of each treatment was indicated
on a ten point scale obtained by adding the
scores for various technical factors. We studied
annual change of treatments selected for rup-
tured aneurysms and the treatment results at our
institute. In the earlier half of the study period,
neck clipping was more frequently selected de-
spite the fact that the difficulty score of coil em-
bolization was lower than that of neck clipping.
However, in the later half, the treatment modality
was selected in accordance with the difficulty
score in most of the cases. As a result, there was a
tendency for the proportion of mRS 0 to increase
and that of mRS 6 to decrease as the years
passed. Our grading system may be useful in ob-
jectively selecting a more appropriate treatment,
and further improve treatment results.

Introduction

With the improvement of materials and tech-
nique, more and more aneurysm cases tend to
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Materials and Methods

Case Materials
We studied 282 consecutive patients with

ruptured aneurysms treated at our hospital
from June 2002 to December 2005. Baseline

characteristics of our patients are shown in
table 1. One hundred and twenty-one patients
(42.9%) underwent neck clipping, 70 patients
(24.8%) underwent coil embolization, and the
other 91 (32.3%) patients received non-surgical
(medical) treatments. Patients with the follow-
ing conditions were excluded from curative
treatments: critical physical condition, very ad-
vanced age, severe dementia and angiographi-
cally unidentifiable source of hemorrhage.

Methods
Selection of curative treatments, i.e. neck

clipping or coil embolization, was performed
with reference to our grading system. An annu-
al change in 1) ratio of coil embolization to
neck clipping, 2) severity of SAH on admission
(World Federation of Neurological Surgeons
(WFNS) clinical grading scale) 1, and 3) modi-
fied Rankin Scale (mRS) on discharge was
evaluated retrospectively. Details of our grad-
ing system are described below.

Our Grading System
Our grading system devised to assess the dif-

ficulty of neck clipping is shown in table 2. Two
main technical factors, namely surgical ap-
proach and clipping, were evaluated. For surgi-

Figure 1 Relationship between the recommended procedures based upon our grading system and the actual selection of the
procedures. Comparison between the earlier (A) and the latter half (B) of the study period.

Neck Clipping Coil Embolization
(N=121) (N=70)

Male 42 (34.7% 33 (47.1%)

Age (years),
mean � SD 61 � 10 (60, 37-81 63 � 15 (64, 13-87)

(median, range)

WFNS grade
1 62 (51.2%) 30 (42.9%)
2 23 (19.0%) 10 (14.3%)
3 6 (5.0%) 2 (2.9%)
4 15 (12.4%) 9 (12.9%)
5 15 (12.4%) 19 (27.1%)

Maximum diameter of the Aneurysms (mm)
- 10 116 (95.9%) 62 (88.6%)

11-24 5 (4.1%) 8 (11.4%)
25 - 0 0

WFNS: World Federation of Neurological Surgeons
clinical grading scale

Table 1  Baseline characteristics of our patients.
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cal approach, location of the aneurysm, exis-
tence of cranial nerves in the vicinity of the
aneurysm and timing of surgery were evaluat-
ed. For clipping, the size of the aneurysm and
existence of perforating arteries around the
aneurysm were evaluated. These specific fea-

tures were weighted from 0 to 2 according to
the difficulty experienced during clipping pro-
cedure of unruptured aneurysms ending up in
various complications of surgery.

Our grading system devised to assess diffi-
culty of coil embolization is shown in table 3.

Figure 2 Annual change in the ratio between coil embolization and neck clipping.

Table 2  Grading system for assessing difficulty of neck clipping.

point 0 1 2

Acom, High Acom
MCA-LSA paraclinoid

Location MCA VA-PICA BA-top
Surgical IC-PC IC-bifr BA-SCA

Approach IC-AchoA PCA
Distal ACA VA dissection

Cranial Nerve II, III VII, VIII, IX

Timing of Treatment Unruptured Chronic Acute

Clipping Size (mm) 36 7-15  -2 16-

Perforating Artery LSA, MSA AchoA TPA

MCA: middle cerebral artery, IC: internal carotid artery, PC: posterior communicating artery, Acom: anterior communicating artery,
LSA: lenticulostriate artery, VA: vertebral artery, PICA: posterior inferior cerebellar artery, bifr: bifurcation,

AchoA: anterior choroidal artery, ACA: anterior cerebral artery, BA: basilar artery, SCA: superior cerebellar artery,
PCA: posterior cerebral artery, MSA: medial striate artery including recurrent artery of Heubner, TPA: thalamo perforating artery
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Two main technical factors, namely the en-
dovascular approach and coil placement, were
evaluated. For the endovascular approach, lo-
cation of the aneurysm, tortuosity of the parent
artery and the angle between the long axis of
the aneurysm and the parent artery were eval-
uated. For coil placement, the shape of the
aneurysm, dome/neck ratio, size of the aneur-
ysm and timing of treatment were evaluated.
These specific features were weighted from 0 to
2 according to the difficulty experienced during

coil embolization procedures on complex
aneurysms.

Selection of technical factors and their
weighting for clipping were performed by the
authors S.O. and S.S. They are board certified
neurosurgeons having an experience of clip-
ping more than 470 aneurysms with less than
3% permanent technical complication rate. Se-
lection of technical factors and their weighting
for coiling were performed by the authors S.O.
and K.G. who are board certified neuro-en-

Figure 3 mRS on discharge for the entire patient population treated by either neck clipping or coil embolization.

Figure 4 mRS on discharge for the NC group (A) and CE group (B).
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dovascular therapists having an experience of
embolizing more than 400 aneurysms using de-
tachable coils with less than 3% permanent
technical complication rate. Fine tuning of the
grading system was performed before starting
the study by checking whether the sum of the
scores of coiling and clipping became equal for
ten cases treatable by either technique with the
same degree of difficulty. This was performed
by one of the authors (S.O.) who is engaged in
both clipping and coiling on a daily basis.

The sum of these scores was used to evaluate
the difficulty of the procedure. If the scores for
clipping and coiling were equal, the patient’s
choice was respected most.

Statistical Analyses
Continuous variables were expressed as

means ± 1 SD. To determine the normal distri-
bution of variables, we used the Shapiro-Wilk
test. According to this result, the Mann-Whit-
ney U-test was used for nonparametric com-

Figure 6 mRS on discharge of patients with mild to moderate SAH (WFNS<=III (N=133). † P<0.05 by chi-square test for
mRS 0 to1 in the CE group.

Figure 5 mRS on discharge of patients with severe SAH (IV<=WFNS (N=58).
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parison. Differences between the groups in the
categorical variable were analyzed by the chi-
square test or Fisher’s exact test. A P value of
less than 0.05 was considered to indicate statis-
tical significance.

Results

Patients’ Demography and Selection
of Treatment Modality

Age, sex, lengths of hospital stay, and WFNS
grade on admission were compared between
the neck clipping (NC) and the coil emboliza-
tion (CE) groups annually (table 4).

As the years went by, there seemed to be a
progressive decrease in the length of hospital
stay and WFNS grade on admission in the coil
embolization group.

The difference in the length of hospital stay
was statistically significant in the year 2005 be-
tween the two groups (P< 0.05).

The same could be said for that of WFNS
grade in the year 2002 (P< 0.05). There was no
annual change in the WFNS grade in the entire
group (NC + CE). The relationship between
the grading scores and the actual selection of
the treatment modality are noted mentioned in
figure 1.

Table 3  Grading system for assessing difficulty of coil embolization.

Table 4  Annual change of demography. Neck clipping (NC) group vs. coil embolization (CE) group. Mean �� SD /median)
or No. (%), Mann-Whitney test or chi-square test for NC vs. CE, annually � P �0.05.

point 0 1 2

Location prozimal distal peripery
(IC, VA, BA) (MCA-ACA, PCA) M2-,A2-,P3-)

Surgical Tortuosity mild severe

Approach Angulation � 45 degree � 45 degree

Shape spherical irregular

Coil dome/neck ratio � 1.5 and 1.0-1.5 or �=1.0 or
placement Neck �=5 mm Neck �= 5 mm Branch from dome

Size (mm) 4-8 9-15 -3  16-

Timing of treatment unruptured chronic acute

IC: internal carotid artery, VA: vertebral artery, BA: basilar artery, MCA: middle cerebral artery, ACA: anterior cerebral artery,
PCA: posterior cerebral artery, M2: M2 segment of middle cerebral artery, A2: A2 segment of anterior cerebral artery,

P3: P3 segment of posterior cerebral artery

2002 2003 2004 2005
(N=30) (N=58) (N=58) (N=45)

Age NC 61 �10 (58) 60 �11 (62) 60 �9 (59.5) 61 �12 (63)
CE 65 �13 (66) 69 �16 (75.5)� 66�12 (64) 59 �16 (58)

Male NC 10 (41.7) 16 (36.4) 12 (31.6) 4 (26.7)
CE 3 (50.0) 5 (35.7) 7 (35.0) 17 (56.7)

Stay in NC 42 �24 (37) 51 �48 (35) 44 �26 (34) 55 �28 (46)
hospital (days) CE 56 �45 (57.5) 47 �29 (38.5) 45 �28 (32.5) 39 �41 (24.5)�

WFNS NC 2.1 �1.5 (1) 2.2 �1.5 (1) 2.2 �2.0 (2) 2.2 �1.6 (1)
on admission CE 3.7 �1.8 (4.5)� 3.0 �1.6 (2.5) 2.8�1.8 (2.5) 2.2 �1.7 (1)

NC + CE 2.4 �1.6 (2) 2.4 �1.6 (2) 2.4 �1.6 (2) 2.2�1.6 (1)
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Comparison was made between the earlier
(figure 1A) and the latter half (figure 1B) of
the study period. In the earlier half of the study
period, neck clipping was more frequently se-
lected despite the fact that the difficulty score
of coil embolization was lower than that of
neck clipping. However, in the latter half of the
study period, the treatment modality was se-
lected in accordance with the difficulty scores
in most of the cases.

The ratios of treatments selected, i.e. coil em-
bolization vs. neck clipping, are shown annually
in figure 2. The graph shows a marked increase
in coil embolization as the years went by, and
about 65% of the cases with ruptured aneur-
ysm were treated by coil embolization in the
year 2005.

Treatment Results
Figure 3 showed the annual change in the

proportion of mRS at discharge for the entire
patient population. It was obvious that there
was a tendency for the proportion of mRS 0 to
increase and that of mRS 6 to decrease as the
years passed. Further analyses were performed
by dividing patients into two groups: neck clip-
ping and coil embolization groups (figure 4).
Though there was no change in the proportion
of mRS in the neck clipping group, there was a
marked increase in patients with mRS 0 to 1 in
the coil embolization group as the years
passed. Concerning mRS at discharge of pa-
tients with severe SAH (figure 5), there had
been no annual change both in the neck clip-
ping and the coil embolization groups. When
analyses were performed on cases with milder
SAH (figure 6), the proportion of the cases
with mRS 0 to 1 had significantly increased in
the coil embolization group as the years
passed. This phenomenon was not observed in
the neck clipping group. The treatment results
of coil embolization in patients with WFNS 0 to
3 in 2002-2003 appear to be worse than those of
neck clipping.

This may be attributed to the difference in
the mean age between the neck clipping and
coil embolization groups: 58 years old in the
neck clipping and 71 years old in the coil em-
bolization groups.

Follow-Up Results
Follow-up study was performed using MRIs

and plain skull films every six months after the
procedure. As eight patients in the neck clip-

ping group and nine patients in the coil em-
bolization group were dead at the time of dis-
charge, 113 patients in the neck clipping group
and 61 patients in the coil embolization group
were followed. During one year follow-up,
there were no cases in the neck clipping group
and one case (1.6%) in coil embolization group
that needed re-treatment. The incidence of re-
bleeding during one year follow-up was zero in
both groups.

Discussion

Neck clipping has been regarded as the gold
standard for the treatment of cerebral aneur-
ysms for many years. However, there has been
a marvellous progress of materials and tech-
niques of coil embolization for the last decade,
and more and more aneurysm cases tend to be
subjected to endovascular treatment. The result
of the ISAT study published in 2002 4,5 greatly
prompted this tendency by revealing less inva-
siveness of coil embolization compared with
neck clipping at least for ruptured aneurysms
with mild to moderate SAH. However, selec-
tion of treatment for cerebral aneurysms still
greatly differs from country to country and
from institute to institute.

Recently, one of the major Japanese newspa-
per companies performed a nationwide ques-
tionnaire survey for 356 neurosurgery depart-
ments where treatment of more than 50 aneur-
ysms was performed annually or where neu-
roendovascular services are available 3.

According to the response obtained from
313 departments (response rate 88%), approxi-
mately 80% of aneurysms were clipped in the
year 2006. Also it was pointed out that selec-
tion of the treatment modality had been per-
formed rather arbitrarily and the stronger
treatment had been recommended in many
hospitals.

In our country, most cases with SAH are ad-
mitted directly to the neurosurgical domain
where neuro-endovascular therapists are an
absolute minority (6316 board certified neuro-
surgeons vs. 385 board certified neuro-endovas-
cular therapists in the year 2006). In order to
perform a fair informed consent and further
improve treatment results, we strongly felt a
need to establish a way to objectively select a
more appropriate treatment for each case.

The characteristics of our grading system
were that the difficulty of each treatment was
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indicated on a ten point scale obtained by
adding the scores for various technical factors.

Surgical approach and neck clipping were
the two main factors affecting the difficulty of
the surgical procedure (table 2). As decisive
factors for the difficulty of a surgical approach,
location of the aneurysm, existence of cranial
nerves in the vicinity of the aneurysm, and the
time lapsed after the onset of SAH were picked
up. As decisive factors for the difficulty of clip-
ping, the size of the aneurysm and existence of
a perforating artery around the aneurysm were
evaluated.

Aneurysms in the anterior circulation were
easier to approach while aneurysms with cra-
nial nerves or perforating arteries in their vicin-
ity were more difficult to approach. Too large
or too small aneurysms were more difficult to
clip than medium sized ones.

The difficulty of endovascular approach and
that of coil placement were the two main fac-
tors deciding the difficulty of coil embolization
(table 3). As for microcatheter placement, the
location of the aneurysm, tortuosity of the par-
ent artery, and the angle between the parent
artery and the long axis of the aneurysm were
evaluated. As for the difficulty of coil place-
ment, the shape of the aneurysm, dome/neck
ratio, size of the aneurysm and the time lapsed
after the onset of SAH were evaluated. Micro-
catheter placement to aneurysms was easier if
the lesion was located in the proximal region
and on a less tortuous blood vessel. It was more
difficult if the angle between the parent artery
and the log-axis of the aneurysm was larger. Al-
so, coil placement to the aneurysm with a wide
neck was more difficult. Too large or too small
aneurysms were more difficult to coil than
medium sized ones.

Points for these evaluation items are added
to obtain the difficulty score for each treatment
modality on a ten point scale, and patients were
advised to take a treatment with lower score. If
the scores for both treatments were equivalent,
the patient’s choice was respected most.

Since the publication of the ISAT study re-
sults and increase in expertise in our endovas-
cular team, there has been considerable in-
crease in the ratio of endovascular treatment
annually. Figure 3 shows the treatment results
of the entire patient population. It seemed to
have improved year by year, although no statis-
tical significance has been found because the
number is too small.

Figure 6 compares the results between the
different treatment modalities. It showed con-
siderable improvement in the coil embolization
group in mild to moderate SAH patients with
WFNS 0 to 3.

This was statistically significant, regardless of
the small number for comparison.

What are the factors influencing treatment
outcome? We believe that, in addition to the
improvement in endovascular treatment de-
vices and physician skills, selection of treatment
modality was more appropriately performed in
the latter half of the study period based upon
our grading system. In the earlier half of the
study period, many patients went to surgical
clipping despite the fact that the score for coil-
ing was lower. Concerning this, it should be
noted that no significant change in the mean
severity of SAH before treatment was ob-
served over the years (table 4).

As was said in the ISAT study, the unsolved
problem of coil embolization is the lack of re-
sults of long-term follow-up 2,6. Incomplete
aneurysm obliteration may influence the prog-
nosis, because remnant growth of the aneurysm
may end up in recanalization and rebleeding.
Longer-term follow-up on a larger cohort of
patients is required to establish which treat-
ment modality is best suited for ruptured
aneurysms.

One of the limitations of this study is also re-
lated to short observation. Nevertheless, we
dare say that short-term prognosis is also im-
portant because SAH itself has a poor progno-
sis. If we depend too heavily on clipping, the in-
cidence of complications related to surgery will
increase. If we depend too heavily on coil em-
bolization, we might end up in inviting rebleed-
ing by recanalization of the aneurysm. For
more objective selection of appropriate treat-
ment modalities for ruptured aneurysms, our
grading system may be useful.

Neurosurgeons say clipping is everything. In-
terventionists say coiling is everything. We say
everything is relative.

Conclusions

Our grading system enables us to evaluate
objectively the degree of technical difficulty of
neck clipping and coil embolization for rup-
tured cerebral aneurysms and it may bring bet-
ter treatment results.
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